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msrCRclm -- 
T t e  e f f e c t s  of %I:? c r o s s - s e c t i x a l  g e u m t r y  ofi t h e  a t t e n u a t i o n  clue t o  

w a l l  l o s s e s  of o v e s i z e r t  r e T t a n g u l a r  wavsgxi.lps ar_d H-guldes i s  cons ide red  

E y  p r J p e r l y  choseL: r m m a l i z a t i o n s ,  the deperd-nc3 on wid th ,  h e i g h t ,  o v e r s i z e  
2 2  

r a t i o  A / A  a d  a s p e ~ L  ra t , i u  a/b a r 2  Cetermir-ed, optimum geometr ies  found, 

and t h e  data :'.isplayer? ir_ ,lisgram form. T%c a t k e n u a t i o n  of an H-guide w i t h  

i t f i n i t e l y  thin di? l w t r i c  slab with i n f i r , i t e  p e r m i t t i v i t y  i s  compared w i t h  

t h a t  of t h e  p r z i l P i - w a L 1  gxide as r e f z r e r x e .  It i s  found t h a t  t h e  d i e l e c t r i c  

slab r educes  t k e  a t t s m h t i o r -  due t c  wall leases by a f a c t o r  depending p r i m a r i l y  on 

t h e  r a t e  of the  c q m e r f i a l  Ciec3y ~af t h e  fields i r _  t h e  a i r  space .  The approach 

of d e r i v a t i o n  p e m i t z  showing clearly t h e  causes of  t h ?  d x r e a s e d  a t t e n u a t i o n .  
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I .  INTHODUCTION 

The a p p l i c a t i o n  of o v e r s i z e d  woveguides i n  t h e  mil.limeter-w%ve r e g i o n  

o f f e r s  a t t r a c t i v e  s o l u t i o n s  of problems of  energy  t r * n s a i $ s i o n  and c i r c u i t  

d e s i g n  i n  t h i s  f requency  rsnge. 3vcPsized waveguides ,  i n  c o n t r r l a t  t o  

s t a n d a r d - s i z e  g u i d e s  h-,ve cons ider -b iy  reduced a t t e n u a t i o n ,  high power 

c a r r y i n g  c a , p a b i l i t y  b e f o r e  breRkdown, 8nd c r o s s - s e c t i o n a l  s izes  s u i t a b l y  

augmented f o r  p m c t i c a l  deFign. The s imul taneous  t m n s m i s s i o n  of h i g h e r -  

o r d e r  modes on t h e  o t h e r  hand P e p r e s e n t s  PL d i s a d m n t a g e  which,  due t o  a l a c k  

of e x p e r i e n c e  i n  d e s i g n  and o p e r s t i o n  of pr8ct iLal l  syytems c m n o t  be p r o p e r l y  

assessed. 

e l i D i n a t e  major e f f ec t s  of h i g h e r  oTder rodes. 

C a r e f u l  d e s i g n  %rid appl icrztfon of mode f i l t e r s  are expec ted  t o  

I t  i s  t h e  o b j e c t i v e  of t h i s  paper t o  prcseat r e s u l t s  of a s t u d y  of 

minimiz ing  t h e  a t t e n u a t i o n  due t o  wall l o s s e s  of  o r e ~ s i z e d  waveguides.  

R e c t a n g u l a r  waveguides w i t h  TE waves snd  H-guides e x c i t e d  i n  t h e  low-loss 

h y b r i d  mode a r e  c o n s i d e r e d .  There e x i s t s  a c o n s i d e r a b l e  nmsunt of l i t e r a t u r e  

on t h e  a t t e n u a t i o n  of waveguides w i t h  t h e  p u b l f c e t i o n s  d e a l i n g  rcostly w i t h  

s t a n d a r d - s i z e  waveguides c a r r y i n g  t h e  fundament31 rode ( l - g j ,  w i t h  t h e  

f r e q u e n c y  dependence 0f t h e  a t t e n u a t i o n  (1, 3 ,  8 ,  ?) ,  w i t n  t h e  vf i r ious  modes 

which c a n  be e x c i t e d ,  and w i t h  t h e i r  c i i t o f f  f i -eqsenc ics  ( 4 ,  8 ,  9 ) .  

present paper emphasis i s  plftced on snix,rinF how t h e  c r o s s - s e c t i o n a l  geometry 

a f f e c t s  the a t t e n u a t i o n  of overy ized  $ u i d e ~  q t  a, given  f requency .  The r e s u l t s  

show what geometry gives  D i n f m m  a t t e n m t f o n .  

Ia t h e  

As a f i rs t  s tep,  g e n e m l  dependencea of t h e  q t t e n m t f o n  on t h e  dimensions 

a re  c o n s i d e y e d ;  t h e n  the n s m a l i z - t i c n  l e  .shwnged t o  permit o p t i m i z n t i o n .  

An o v e r s i z e  r i t i o  

dfvSded by t h e  s q m r c  er" t h e  w p m w t f o n d  w%.,rei,?ngrlh f:: Prt rsduced as A b ~ l s i s  

OSR = A2/A2 give& by t h e  r ~ t i o  of  c r o s s - s e c t i o n a l  mea 



f o r  t h e  o p t i m i z a t i o n .  

a s s 2 m p t i a n  of a n  i n f i n i t e l y  t h i n  dLeS.ectric s lnb w i t h  t h e  c r s s s 4 e c t i o a a l  

d i s t r i b u t i o n  of t h e  p e r u i t t i v i t y  in the form of 8 D i m e  d e l t R  f u n c t i o n .  

The nttenaation of t h e  H-gutide is c o n s i d e r e d  next  under  

11. GENERAL RELATI3VSHIPS 

The a t t e n u n t i o n  of wweguides with e~z-.b."trn,!.ry c r s s P - s e c t i o n  due t o  wall. 

lasses can be d e r i v e d  frclr t h e  r ' i e l d  d i s t r i b u t f a c  compsted under  assumption of 

p e r f e c t l y  c o n d u c t i n g  walls. A t  rrf1lfmce;eP wril.~cs trie r e l n t i o n . s h i p s  become more 

c o m p l i c a t e d  due t o  t h e  e f f e c t s  of t h e  stpueture of t h e  SC.P€R.CC~ as shown in 

t h e  l i t e r a t u r e  (6) .  
\ 

These e f f e c t s  vi11 ?IC disreg8;rded i n  t h e  p r e s e n t  a n a l y s i s .  

The a t t e n u a t i o n  i s  u s u a l l y  d e r i v e d  from the magnet ic  f i e l d  i n t e n s i t i e s  n d j n c e n t  

t o  t h e  c o n d u c t i n g  walls w h i c h  i n  combinzt ion with t h e  surfnee r e s i s t a n c e  y i e l d  

t h e  d i s s i p a t e d  power per u n i t  l e s g t h  m d  fyom t h e  c r e e s - s e c t l o n % l  d i s t r i b u t i o n  

of i t s  t r a n s v e r s e  component which g ives  t h e  Fewer c a r r i e d  by t h e  waves a l o n g  

t h e  g u i d e .  The c o r r e s p o n d i n g  e q u s t i o n  f o r  fra.net.eree e l e c t r i c  (TE) waves is ( 2 )  

where HE is t h e  l o n g i t u d i n a l  component of t h e  msgaetfe f i e l d  i n t e n s i t y ,  QtHZ 

and i t s  t r - n s v c r s e  grad ien t ,  k find z a n  t h e  p r o p g a t t i n  ccscetant m d  imped-nce 

of p l a n e  waves i n  t h e  medfnm of t h e  g u i d e ,  k f  t 3 e  guide wavelength ,  and Rs is 

t h e  s u r f a c e  r e s i s t a n c e .  The l n t t e r  5s relsted t o  t h e  skin depth  and given by 



- 
X 

Fig.1. Geometry of the  oversized waveguide. 



are s a r r i e d  out Leng t h e  boundary 

Fer R, rec tangu1r . r  wnveguida w i t h  

a t t e n u a t i a n  c o n s t a n t  becomes 

The d e r f v s t i o n  shews thzl,t t h e  f i r s t  t e r ~  i n  t h e  bmeice'ts i~ P t e  remit of t h e  

l e n g i t u d f n n l  component Hz only while t h e  secasd t e m  resak'$.s fretum b o t h ,  the 

l o n g i t u d i n a l  m d  t rz lnsverse  csaponents. This 5s ~ o r l i f ' ~ r ~ t 4  if we l e t  a and b 

a l t e r n a t i v e l y  a p p r o x h  inffniry. If a -P abd we ob%%:n rs parallel-strip l i n e  

wi th  TEM waves and w i t h  only Q t r -wwerse  componentq sf t n e  mgnct ic :  feeldl 

> 

i n t e n s i t y .  

walls. The a t t e n u a t i o n  becomes 

The e l e c t r i c  f i e l d  in ' tensfty v c c t a ~  staxis p e r p e c d f z u h r  t s  t h e  

We s b s e m e  t h a t  t h e  a t t e n u a t f e n  incree.ses w i t h  t h e  squire m a t  ef zhe f requency  

due t a  the  f requency  dependence o f  RS. 

If appranches i n f i n i t y ,  the  a t t z c s a t i o n  is 

The gu ide  is new a parnliel-strip line w i t h  r h e  ~ I Q c ~ , P ~ c  f i e l d  w e t o r  parallel 

to t h e  walls and t h e  l o n g i t u d 5 m l  c b p o n e n t  of thma mrigaetiz f i e l d  i n t e n s i t y  

c o n t r i b u t i n g  t o  t h e  w a l l  P s s ~ e s .  T~sns fa rmed  i n t ~  a mewe cari;venienl f m m ,  

t h e  equation becomes f a r  m = 9  

where t h e  second f r r l c t i e n  r q x e a e n t a  a f a c t a r  whEzh fndicr i tes  t h e  change sf the 

nt-tennation if t h e  f i e l d  c o n f f g u r ~ t i o n  i s  ~~~?~r.ib.lged i n  a parqYieE-strLp P ine  f rom 



TEW waves (Eq. &a) t e  TE waves w i t h  E p~rnlleE t o  t h e  walls. We ebporve t h a t  

t h e  a t t e n u a t i o n  new d e c r e a s e s  w i t h  1/ f3'* anri t h a t  sve~..Lzz c o n d i t i o n s  sf s p a c i n g  

between t h e  walls r e d u c e s  t h e  a t t e n u q t i s n  c o n s i d e r a b l y  mere t h a n  i n  t h e  former  

case of TEH waves when E was peppendiculqr  $ 6  t h e  w~ . i i s .  C o i r p ~ i s s r ?  w i t h  t h e  

lew- loss  wnve mgde TELO f e r  t h e  c i r c u l 9 r  gu ide  shews t"ht t h e  f requency  dependence 

af t h e  a t t e n u a t i o n  i n  b o t h  c a s e s  is  the F ~ U I C .  

FIRST TYPE OF NORMALIZATION 

I n  t h i s  s e c t i o n  t h e  8 . t t e n a a t f a n  Recording tcu Eql. ( 3 )  is ccsnsidered i n  

d e t a i l  fer  f i n d i n g  hew i n c r e a s e s  sf the  dimens ions  a.1te.rmii,ivePy i n  t h e  x and y 

d i r e c t i o n  n f f e c t  i t s  mngniitude. Twe pmxnnc'iers 9 = 3h.X sod 32 = A/ b 
are i n t r o d u c e d  which arc i n v e r s e  p r e p s r t i e n n l  La t h e  width m d  h e i g h t  

r e s p e c t i v e l y  a n d  normalized w i t h  r e s p e c t  t o  2 .  EquRtian ( 3 )  is t h e n  medi f ied  

a c c o r d i n g l y  tie shew t h e  dependences on t n e s e  pnr*meters. We f i n d  

where 

The r e s u l t i n g  r e l n t i a n s h i p s  n r c  i l l u F t r * t t d  g m p h f c n , l l y  i n  F i g .  2 The 
/ 

d h g n r n  shows t h e  n a r m l i z c d  n t t e n m t i o n  csl, as R f c c c t i o n  of w i t h  t h e  mede 

n m b e r  m as parnmeter  f er  4 val.ues o f 3  w h i c h  i n d i c q t e  t h e  h e f g h t ,  The 

a t t e n u a t i e n  appreachee  terminal values f e r  i n c ~ c ~ s i n g  w i d t h  ( 5 + 0 )  which 

r e p r e s e n t  t h e  ntt,enur?r,tisn sf t h e  p m ? E e l - s t r i p  i i i l e  w i t h  TEN waves. Fer 

d e c r e n s i n g  wid th  ( i n c p e m i n g z ) ,  ?!,e a t t e n c a t i o n  i r e ~ e s ~ t ? ~  st5sdii .y nnd approache s 

i n f i n i t y  n t  c u t e f f  when t h e  bensmin%twr g a m  % e  z e ~ ) o ~  

humeratop ef Eq. ( 0 1  is responsibie f g ~  ";De hrrsic dependence @f d en 5 

t 

3 
The Secsnd term i n  t h e  

/ 
/ / \  . 
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MINIMIZATION OF ATTEBUATION 

A second t y p e  of m o d i f i c a t i o n  of Eq. (3) which perrritss o p t i m i z * t i o n  of t h e  

a t t e n u a t i o n  is based on i n t r o d u c t i o n  sf t h e  p r e v i o u s l y  dfscnssed o v e r s i z a  r a t i o .  

The f o l l o w i n g  s u b i t i t u t i o n s  are made, 

2 The f i r s t  parameter c o n t a i n s  t h e  ove~size r n t i o ,  OSR = A 2 / 2  , and t h e  mode 

number m ;  t h e  s e c m d  i s  t h e  mspect ~ ~ t i o ,  where q) P i n d i c a t e s  x wide g u i d e  

w i t h  low h e i g h t  and q (1 a narrow t a l l  guide.  

S u b s t i t u t i o n  i n t o  Eq.(3) yields ;rl n o r m ~ d i z e d  a t t e n u a t i o n  

which is r e l a t e d  t o  t h e  aetaal a t t e n u ~ ~ t i o n  o( by 

I 
For a g i v e n  wave mode, ~ C d o p e n d s  on %he o v e r s i z e  rntie and geemetry enly.  Tho 

r e l a t i o n s h i p s  of Eq. (7a) are shewn i n  diagram f o r m  i n  F ig .  9 f o r  a wida range 

of t h e  parmeter p. The diagram i n d i c a t e ?  that t h e  a t t e n u n t i e n  can b e  

minimized r e q u i r i n g  a d i f f e r e n t  aptimuin aspect r a t i o  f o r  each value of t h e  

oversize r a t i r  and mode number. 

The minimiza t ion  by d i f f e r e ~ t i a t i o n  leads t o  

and  t e  
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FOP large v a l u e s  of o v e r s i z e  p a t i o ,  a siople a p p r o x f m ~ i t i s n  can  be o b t a i n e d  

which g i v e s  t h e  f o l l o w i n g  equntien f e ~  t h e  opt imized a t t e n u a t i o n  of o v e r s i z e d  

FOP more a c c u r a t e  computa t ions ,  Eq. (8) can be 3EmpLy soPved f o r  p i n  terms of q. 

The r e s u l t s  i n d i c n t e d  i n  Fig. 4 S h m  % h a t  t h e  minima o f  t h e  r s t tenuat fon  

a r e  c o m p a r a t i v e l y  sha l low avld t h a t  no d n a t f c  zhnvlgea of t h e  nttenuntien nre  

caused by changes of t h e  a s p e c t  r a % i e  t e w n ~ d  gmnter w i d t h  ef the, guide .  

The effects of such changes become mere -prsnwncedo h*wcver, a% i n c r e a s e d  

o v e r s i z e  ~ a t i o s  by inereesing the, eros9-aeetfena.1 %rep4 of tho guide.  C o n s i d e r i n g  

h i g h e r - o r d e r  wave aodes ,  we a b s e m a  that t h e  minimum rettennatfrn i n c r e n s e s  

w i t h  i n c r e a s i n g  mode number. 

H-GUIDB WITH ZERO - THICKNESS 
DIELECTRIC STLU 

S t u d i o s  ef t h e  H-gu€de and grsrve gii.ide nm.ve 5 h m n  t h * t  t h e s e  guides  have 

n o t a b l y  reduced  a t t e n u a t i o n  i n  rmeuper%een w i t h  % b e  rec:ta%gular s t a n d a r d  guide 

w i t h  cqu%l  wid th .  T h i s  n i a e s  i n a  quest”,su whether t h i s  i s  also t r u t  in t h e  

ease of oversize waveguides. PwLicuIa r ly  interesting end iuprtant i s  t h e  

following more s p e c i f i c  q u e s t i o n :  If we h w e  p ~ m l l e l - w a l l  guide of g i v e n  

o v e r s i z e  w i d t h ,  d ie regr l rd  t h e  cpper end ISWCP epcninga, arid e e u p r e  i t a  

attenu%$ien due t o  w a l l  l o s e e s  w i t h  $hait of  m wers5zc.l E-gnSOe with e q u a l  

wid th  disregarding a g a i n  t h e  upper sad leweP eperings and t h e  d i e l e c t r i c  l o s ~ e s ,  

pow do t h e  v a l u e s  of a t t e n u n b f m  c u u p ~ e .  If they are equal,  t h e  a p p l i c a t i o n  



is; 

of t h e  H-guide concept  effers no a3~4n tqge  Gndw oversize c o n d i t f s n s .  If t h e  

H-guide h a s  reduced a t tenurn t ien ,  f u ~ t h e r  s t u d i e s  ef such guides qnd p e e v e  g u i d e s  

a r e  necessozy for d e t e r m i n i n g  t h e i r  c L a m c t e r f ~ t f c 3  a n d e ~  these c o n d i t i o n s .  

A u s e f u l  a p p r o m h  f e r  t h e  cerrpwison consists rf rLssnrning an H - s i d e  

w i t h  an  i n f i n i t e l y  t h i n  d t e l e e t r f e  siab where $ne pemi t s9vfky  d i s t ~ i b n % i o n  i n  

d i r e c t i e n  paral le l  t o  t h e  walls fo'1ews A. Dime delta funatien. Tnis eliminates 

t h e  problem of t h e  d i e l e c t r i c ,  % h e  f i e lds  &re pr inqrLPg c s n c t n t m t e d  i n  t h e  a i r  

space  and a n  i n s t r u c t i v e  c o n p a r i s e n  w i t h  t h e  pmwilel-w*L; guide becomes 

r , e s s f b l e .  Figure 5 shows t h e  c o r q m e d  s t ~ x i u ~ z ~ .  

The f i e l d  d f s t r f b n t i o z  in t h e  H-guide dish zero-tnickness  sP%% hqs  t o  bo 

de termined  f i rs t ;  t h i s  is done by determinisg the r":e%ds ef p;wa;e waves tr%nveEing 

a l o n g  an i n f i n i t e  d i e l e c t r i c  sPRb Rnd by t h e  suSsea_ucnt iv i ser t fon  of the v e r t i c a l  

walls which t h e n  f o ~ m  t h e  a.etnaE guide. 

The f i e l d  d i s t r i b u t i o n  i n  aiio fer PY m v e s  (5,9) ('FPMt' indfemteo t h a t  t h e  

magnet ic  f i e l d  v e c t o r  is par%elEel ts t . t e  dfelect-9c:  SI.R~?] i s  f'ound from MnxwellDs 



B I  

Y 

/ 

3 i e l e c  t r i c  
S l a b  

7 .  ~ie.5. Cross-sections o f  corncared g u i d e s .  

A :  " a r a l e l l - w a l l  g l i d e .  

1:: i ? - c u i d e  ,, z e r o - t h i c k n e s s  slab. 



where e, and k 

t h e  y - d i r e c t i o n  i n  t h e  slab respectf~ekg, D 5s t h e  thickness of % h e  s lhb ,  and 

k, t h e  phase  constant of plme  i9a.ves in a'lr. 

a re  t h e  re lat ive  ptrm5ttivft .y and the p r o p ~ ~ g ~ t i o n  e o n s t a n %  in 

If we l e t  e,, become very- ? w g e  and apprmch i n f i n i t y ,  we f i n d  from Eqs.  (11)  

1U 

We obbse~ve t h a t  dr and k 
by Eq. (llc). 

t h e  t r a n s i t i o n  t o  an i n f i n i t e l y  t h i n  s lab and remain t h e   mime. 

are fndef in iGe,  remain f i n i e e ,  PI rid are  i n t e r r e l a t e d  c 
We also observe t h a t  t h e  Eqe.(lO) m e  b~leierslPy n o t  a f f e c t e d  by 

A t  t h e  next step,  t h e  slab is placed b e w e e n  %we cbnducstnng wslls a d i s t a n e e  

The waves -re r e f l e c t e d  between t h e  walls with t h e  geometry i n d i c a t e d  I1 

i n  F i g .  6. S u p e r p o s i t i o n  of t h e  wmes P9fZected ander an angle 1p between t h e  

rrrpa~t. 

I 

H-gJide . We f i n d  

and  



The r e s u l t i n g  e q u a t i o n s  c o n t a i n  d j  and I, b u t  are o % h e ~ w i s e  independent  of t h e  

t h i c k n e s s  of t h e  slab. 

G I D .  have  nny v a l v e  as long 6s E q s . ( l l c )  and (14) are s a t i s f i e d .  

t h e s e  e q u a t i o n s  y i e l d s  

FOP zero- th ickness  and i n f i n i t e  ep t h e s e  q u a n t i t i e s  

Combination of 

The e x p o n e n t i a l  decay f a c t o r  d' w i l l  be used h e n e e f o r t h  f o r  t h e  d e s c r i p t i o n  of 

t h e  p r o p a g a t i o n  o h a r n e t e r i s t i e s  of t h e  H-guide. 

We observe  t h a t  t h e  H-guide 'becomes a paaallel-wdl g u i d e  as d approaches  

z e r o  and t h a t  t h e  g u i d e  wavelength assumes under  t h i s  c o n d i t i o n  t h e  w e l l  known 

so t h r t  

The a t t e n u a t i o n  of t h e  H-guide i s  o b t a i n e d  by t h e  e q u ~ t i o n  

from t h e  power d i s s i p n t e d  i n  t h e  walls per u n i t  length Pa R s e c t i o n  per u n i t  

h e i g h t  (pdiss) and from t h e  power c a r r i e d  by t h e  waves i n  t h e  same s e c t i o n  of t h o  

g u i d e ,  

d i r e c t i o n ,  t h e  a t t e n u a t i o n  becomes independent of t h e  f n t e g p a t i o n  i n  t h i s  d i r e c t i o n  

Sinse all f i e l d  components d e c r e a s e  e x p o n e n t i a l l y  w i t h  d i n  t h e  y- Y 

and t h e  a t t e n u a t i o n  of Q s e c t i o n  per u n i t  h e i g h t  becomes r e p r e e e n t a t i v e  of t h e  

whole guide ,  I n s e r t i o n  of t h e  f i e l d  i n t e n s i t i e s  i n t o  the e q u a t i o n s  f o r  Pdfss 

y i e lds  f i n a l l y  
2 A, k 



It should be noted thnt %he derived equation fer  d H  can a l s o  be used 

for rough estimates of the attenuation in o~ersized groove guides for q (( 1 

where the energy transpo~t occurs mainly in t h e  upper and lower parallel-wall 

sections of the guide. 

COMPABISON OF HDGUIDE ATTENUATION 

For comparing the attenuation o f  the zero-thickness H-guide with that of 

other guides it is praetieal t o  compare it f i r s t  with t h a t  of 'the parallel-wall 

guide as a n  intermediate step. This guide CRPI be used as a, refereme and the 

attenuation of other guides referred t o  t h a t  of % h i s  guide.  

The attenuation ef the H-guide given by Eq.(l9) c:bn be transformed into 

that of the parallel-wall guide by letting d app~orzch zero. Under this 

eondition kz becomes 
Y 

kzo aacording 'to Eq.(17) and w e  ebtain 

Substitution of kz according t o  Eq.(1?) i n t o  (19) yfe lds  8, med%ffcnpt ion of t h i r  

Wlere it is expressed in term of djl multiplied by ai fac%er which depends on 

the characteristics of the H-guide. These e r n  be dltsapibed by t h e  two parameters 

so that 



where F ( p , q )  by s t r u e t n r e  of the equatean i n d i c a t e s  FD, r a 8 u c t f o z  of the a t t e n u a t i o n  

which i s  caused by t h e  e f f e c t s  of t n c  u3,clectrhc slqb which transforms t h e  parallel- 

wall g u i d e  i n t o  a n  H-guide. 

The r e s u l t  i s  important s ince  it c o r r t ~ a . d i c t s  t h e  semetimes heard ptatement 

t h a t  t h e  a t t e n u a t i o n s  due t o  wall l o s s e s  @f xloth, H-guide and parallel-wall 

g u i d e ,  are equal .  

The reason for t h e  6eeremed bttennation c~zn b e  seen by i n s p e c t i o n  of' 

E q s ( l 0 )  and (13). 

t h e  propegfi t ion p a t h  of  p l a n e  wpl.vze fnwodacee a. I~ng9cndSsa9  e l e c t r i c  field 

component E& 

We obscme t h a t  i$aQrodact ian ef r;he d i e l e c t r f o  slab along 

(Eqs . ( lO))  which i n  :he C B E C  r f  she H-guide becomes t h e  eompenent 

t h i s  a d d i t i o n a l  longftudfnnl I E e l d  empenen t  can  'oe eonsEdcred as t h e  
€ 2  

origin of TM waves n o t  p r e s e n t  i n  t h e  pa~o~lel-waEl @%de which carry a d d i t i o n a l  

power along t h e  guide without  e o n % r l b n t f n g  t o  the wail losses. These are 

caused  by the l o n g i t u d i n r l  component of t h e  magaetPe f i e l d  i n t e n s i t y  HZ which 

i s  r e l a t e d  t o  TE waves only .  They r e m h ,  frosl I v i e w p i a t  ef A. d i r e c t  

r e l a t i o n s h i p  u n a f f e c t e d  by t h e  intPeduet iaD crJ the d9e?Leat?-lc s lab.  

The r e d u c t i o n  fzlctar  F(p,q) is shown! gA*rlphieallg in P i g o  7 as a f u n c t i o n  of 

D w i t h  q as paremeter .  

practical  H-guides and q exceeds e m  delmrdiltr;g an t33e w i d t h  of t h e  guide  and 

wave 1 engtb, 

The pbrnmeter p rrqy v a r y  i!e:ween zero and one f o r  

Censidering now t h e  a t t ema t i sn  ef the wers$z&. 3-guide m o ~ e  generally,  

t h e  fact t h a t  it is smailer t h a n  thst r f  the p s m l l e l . - w ~ b l  gsfde  Pndfcotes t h a t  

i t  i s  c o a ~ ~ d e r a b l y  below that 0€  t h e  o~.er-s ieed i*eet%rAgcinr w s v e m i d e  where the  

upper  and h w e r  waLls c e n t r i b u l e  & 0  o d d i t ~ a n p l i  L B I . E = ~ S  m d  to nr;eFeased a t t e n n a t i o n .  

I t  s h o u l d  be noted, howeve?, %hat %he d.;eLecf:~Lc L Q S : ~ Z S  8 2  %!le sl.ab were dis- 

regarded i n  an a t t e q t  t o  derive b?+4:5i re :zel ienshfps,  T ~ E : : , ?  Z e e s t s  mar o f f e e t  

$lvymvvtenIlts bv the huins f i e l d  s$metnre,  Y u r t a e ~  txw3e-ef"f stpldies are 

n e c e s s a r y  f o r  de%ermiLFng t h e  e r n d i f f 4 o s  :‘rider w h k b  ~ C G ~ Z P S ~  
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Tic.7. ? e d u c t i o n  factor o f  a i t e n x a t i o f i  d u ?  t o  

reduced gliide wavelength in t he  “-pi ide .  



In t h e  present paper a p p r o p r i a t e  n o r m n l i z ~ t i o n s  were chosen t o  show t h e  

e f f e c t s  of t h e  geometry en t h e  a t t e n u a t i o n  ef o v e r s i z e d  r e c t m g u l a r  waveguides 

and H-guides. One se t  of parameters  i n  t h e  e q u n t i o n  e f  n t t e n u q t i o n  f o r  t h e  

r e c t o n g u l s r  g u i d e  h a s  shown c l e a r l y  t h e  dependence on wid th  n.nd h e i g h t  ~ d h e v c  

i n f i n i t e l y  ex tended  parallel-wall guides  were t h e  l i m i t i n g  c a s e s .  I n t r o d u c t i o n  

of an o v e r s i z e  r a t i o ,  O S R r A . / a 2 ,  and of t h e  a s p e c t  r a t i o  y i e l d s  a n o t h e r  

modi f ied  e q u a t i s n  which shows t h a t  t h e  a t t e n u n t f e n  c m  be minimized and a l l o w s  

d e t e r m i n a t i o n  of t h e  optimum geometry. Dingmms bnsed on t h e s e  normnlized 

e q u a t i o n s  shew i n s t r u c t i v e l y  t h e  e f f e c t s  of geometry chqnges and t h e  i n f l u e n c e  

of o v e r s i z e  dimensions.  

The H-guide was c o n s i d e r e d  under assun;pt ion of an  i n f i n i t e l y  t h i n  d i e l e c t r i c  

slab w i t h  i n f i n i t e  p e r m i t t i v i t y .  T h i s  appreach a l l o w s  a b a s i c  compnrison of 

i t s  a t t e n u a t i o n  w i t h  t h a t  of t h e  p a r a l l e l - w a l l  gu ide  as a r e f e r e n c e  value. 

T h i s  c a n  be i n  t u r n  compared w i t h  the  v a l u e s  of o v e r s i z e d  r e c t a n g u l a r  waveguides 

c o n s i d e r e d  i n  t h e  p r e c e d i n g  s e c t i o n s .  The r e s u l t  3.s i q o r t a n t  s i n c e  i t  cleqrly 

states t h a t  t h e  a t t e n u a t i o n  due t o  wall l o s s e s  of t h e  H - a i d e  is lower t h a n  

t h a t  of t h e  p a r o l l e l - w a l l  guide.  Consequently i t  is  a d d i t i o n a l l y  lower t h a n  

t h a t  of  t h e  o v e r s i z e d  r e c t a n g u l n r  guide. I t  should  be noted  t h a t  t h e  d i e l e c t r i c  

l o s s e s  i n  t h e  s h b  were n e g l e c t e d  which c a u s e  a n  i n c r e a s e  of t h e  a t t e n u a t i o n .  

More d e t a i l e d  s tud ies  are r e q u i r e d  f o r  showing optimum g e o m e t r i e s  i n c l u d i n g  

t h e  d i e l e c t r i c  losses .  
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